In Nigeria, nearly 110 million clinical cases of malaria are diagnosed per year, thus being a major public health problem.
Introduction
In Nigeria, nearly 110 million clinical cases of malaria are diagnosed per year, translating to about 50% of the adult population experiencing at least one malaria episode per year, while young children can have up to 2-4 attacks of malaria annually, 1 accounting for 25% of under-five mortality, 30% of childhood mortality and 11% of maternal mortality. Each year 70% of pregnant women suffer from malaria resulting in anaemia in pregnancy, abortions, stillbirths and low birth weight infants. The disease also accounts for 50-60% of outpatient consultations and 10-30% of overall hospital admissions in Nigeria. In addition to the direct health impact of malaria on the Nigerian population, the economic loss linked to the disease in this country is estimated to be about 132 billion Naira (around 878 million US $) per year as treatment costs, loss of man-hour, to mention but a few. 1, 2 The disease is therefore a major public health problem in Nigeria.
Antimalarial chemotherapy has been the primary option in the fight against this menace. National drug efficacy trials conducted in 2002 in Nigeria demonstrated that the first line treatments then employed, chloroquine and sulphadoxine-pyrimethamine (SP) were no longer adequate. 2 In 2005, the highly efficacious artemisinin-based combination therapy was adopted as first-line treatment for uncomplicated malaria. 2 Artemisinin-based combination therapy has since then remained the treatment of choice for uncomplicated Plasmodium falciparum malaria in Nigeria 3 in line with global trend, following the recommendation of the World Health Organization (WHO) to that effect. 4 Starting from February 2009, more than 80 countries worldwide including Nigeria have adopted ACT as firstline therapy. 3 Currently, five forms of ACT are recommended by the WHO, of which all are available in Nigeria. These include: i) artemether and lumefantrine (AL); ii) artesunate and amodiaquine (AS+AQ); iii) artesunate and mefloquine (AS+MQ); iv) artesunate and sulphadoxine-pyrimethamine (AS+SP); v) dihydroartemisinin and piperaquine (DHA+PQP).
Artemisinin compounds -when used in combination with longer acting antimalarial drugs -rapidly reduce parasite densities to low levels at a time when drug levels of the longer acting drug are still maximal, thereby reducing the likelihood of parasites being exposed to suboptimal levels of the longer acting drug and limiting the emergence of resistant strains. 5, 6 The choice of ACT for a country or a region depends on a number of considerations. A critical element is the level of underlying resistance to the longer-acting partner drug in the combination. This is particularly important for AQ and SP in Africa, where both drugs have been widely used as monotherapies.
The WHO recommends that countries use ACTs, which are at least 90% effective, and introduce new forms of ACT that are at least 95% effective after discounting reinfections and that the Day 28 efficacy of respective partner drugs alone should exceed 80%. 7 Concerns have been raised over ACT including amodiaquine meeting such criteria in areas where it has been widely used as monotherapy.
The efficacy and tolerability of AS+AQ has been tested formally in several clinical trials in different epidemiological African settings. [8] [9] [10] One of the AS+AQ brands in the country is Camosunate by Geneith Pharmaceutical Ltd. (Lagos, Oshodi). This study is an assessment of the efficacy and safety of Camosunate in the treatment of uncomplicated malaria conducted at the University of Benin Teaching Hospital (UBTH). Though similar studies have been conducted in other parts of Africa including Sub-Saharan Africa and Democratic Republic of Congo, [8] [9] [10] none has been conducted using the Camosunate brand of ACT in South Nigeria to the best of our knowledge.
Materials and Methods
The study was conducted on patients recruited from the Departments of Family Medicine and Child Health of the UBTH, Benin City, Nigeria. The UBTH is a 700-bed tertiary institution made up of several clinical departments. The Department of Family Medicine has a busy general outpatient unit with a daily attendance of about 400 patients of all age groups, and is open to patients all days of the week. The Department of Child Health has consultant outpatient clinics, children's emergency room and paediatric casualty as well as in-patient facilities for children.
Benin City has a population of about 2 million people and is the capital city of Edo State, Nigeria. It is located in the tropical rain forest of South Nigeria where malaria is endemic, with high transmission rate throughout the year. Chloroquine and sulphadoxine/pyrimethamine resistance is a known problem in Benin City, like in other parts of Nigeria.
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This was a cross-sectional study assessing the efficacy and safety of AS+AQ. It was conducted between September 2011-2012. Malaria was diagnosed using the history of fever (axillary temperature ≥37.5°C) and by light microscopy of thick and thin blood smears stained with 3% Giemsa for 30 min by trained microbiologists. 12 Malaria parasitemia in thick films was estimated by counting asexual or sexual parasites relative to 1000 leukocytes or 500 asexual or sexual forms, whichever occurred first. A smear was declared negative when the examination of 100 thick-film fields did not reveal the presence of malaria parasites. 13 Quality control checks were performed on a random 10% sample of blood films, examined at an independent site. Four age strata, based on the formulations of Camosunate by the manufacturers were identified prior to the study. The formulations were Camosunate adult for patients ≥ 14 years, Camosunate junior for patients 7-13 years, Camosunate children for patients 1-6 years and Camosunate paediatric for patients less than one year of age. The proportion of patients selected from each stratum was based on the knowledge of the total patient population as obtained from the outpatient record of the UBTH. Those who gave their written informed consent were recruited into the study using simple random sampling technique (lottery method) for each stratum until the required sample size was attained. A total of 120 patients of different age groups were recruited as follows: 20 patients aged ≥14 years; 30 patients aged 7-13 years; 60 patients aged 1-6 years; and 10 patients aged <1 year.
The first two groups were recruited from the Department of Family Medicine, and the others from the Department of Child Health.
Inclusion criteria included: i) patients registered in UBTH; ii) patients who gave written informed consent; iii) patients with history of fever (temperature ≥37.5°C) and with Falciparum parasitaemia of 1000-200,000 parasites/µL; iv) patients who had not taken antimalarial drugs in the previous two weeks.
Exclusion criteria included: i) pregnant and breast feeding females because of possible toxicity to foetus and infant; ii) patients weighing less than 5 kg, since the dynamic developmental changes experienced by infants below this weight may affect the metabolism of ingested drugs; 14 iii) patients who are unable to take oral drugs; iv) patients with signs and symptoms of severe P. falciparum malaria which include convulsion, coma, jaundice and severe anaemia as published previously; 7 v) very ill patients who cannot withstand the stress of the research; vi) patients with known allergy to artesunate or amodiaquine.
All recruited patients were treated with Camosunate (tablets taken with water and powdered form taken after constituting into mixture with water), in the recommended dose by the manufacturers. Each treatment was given under supervision by the researchers and the patient was observed during the first half hour. In case of vomiting, the complete dose was supplied again, and the 30-min observation was repeated. Any patient who vomited again was excluded from the study. The first dose was administered in the hospital (day 0), and patients were asked to report back on days 1, 2, 3, 7, 14, 21, and 28, or in between as needed. The second and third doses of the drug were administered on days 1 and 2 as they reported for follow up under the observation of the researchers. Direct observation of patients by the researchers during drug intake assured that the drugs were taken, and ruled out losses due to vomiting.
The four formulations and doses of Camosunate included: i) Camosunate adult (12 tablets), each tablet containing 300 mg amodiaquine base and 100 mg artesunate for patients aged 14 years and over. Patients were administered 4 tablets once daily for 3 days; ii) Camosunate junior (6 tablets), each tablet containing 300 mg amodiaquine base and 100 mg artesunate for patients aged 7-13 years. Patients were administered 2 tablets once daily for 3 days; iii) Camosunate children (2 sachets), each containing pleasantly flavored powder containing 150 mg amodiaquine and 50 mg artesunate respectively for patients aged 1-6 years. Patients were administered whole contents of both sachets reconstituted in clean water once daily for 3 days; iv) Camosunate paediatric (2 sachets), each containing pleasantly flavored powder containing 75 mg amodiaquine and 25 mg artesunate for patients aged under 1 year. Patients were administered whole contents of both sachets reconstituted in clean water once daily for 3 days.
Patients who missed follow-up examination were traced by immediate active search or contacted using mobile phones. Early treatment failure was defined as the development of danger signs or severe malaria on day 1, 2 or 3 and the presence of parasitaemia on or before day 3. Late treatment failure was defined as the presence of danger signs or severe malaria in the presence of parasitaemia after day 3 or non-programmed return of the patient between days 4 to 28 due to a clinical deterioration in the presence of parasitaemia or parasitaemia on days 7, 14, 21, or 28. Success was defined as parasite clearance that was sustained through day 28. Adequate clinical-parasitological response was defined as the absence of either early or late failures. Genotyping of parasites was not done to distinguish between recrudescences and re-infections due to non-availability of equipment. The end point for efficacy and safety was day 28. Quinine was reserved for the rescue of parasitological failures.
Safety was assessed by: i) recording treatment emergent sign/symptom (events which were not present pre-treatment or worsened with treatment); ii) measuring liver [alanine (ALT) and aspartic (AST) transaminases and bilirubin], renal functions (creatinine) and haematology [haematocrit, white blood cell (WBC) total counts]. Thirty six patients (30%) of the study population had baseline and posttreatment measurements of these tests done (on day 0 and 28, respectively).
Instruction was placed on the patients' records to report all cases of adverse drug reactions from the medications to the Ethics and Research Committee of the UBTH.
Data analysis
Data collected were entered into a personal computer and analyzed using Statistical Package for Social Sciences version 15. The results were presented as frequency tables, means, percentages and chi square using 95% confidence interval and P<0.05. Ethical approval was obtained from the ethical committee of the UBTH.
Results
The study was conducted using 120 slideproven plasmodium-infected patients with uncomplicated malaria. None of the patients was lost to follow up. Ten (8.3%) of the patients were <1 year and 60 (50%) were aged 1-6 years ( Figure 1 ).
There were 65 (54.2%) females and 55 (45.8%) males with a ratio of 1.2:1. (Figure 2) . No malaria parasite (parasite clearance) was observed in the blood film of the study populations on or before day 3 of drug administration, indicating no early treatment failure (ETF). Late treatment failure (LTF) manifested as recurrent parasitaemia during follow-up of five patients to day 28. The overall efficacy of Camosunate was 95.8%. No patient was withdrawn due to treatment emergent signs/symptoms (TESS) or adverse drug reaction (ADR) ( Table 1) .
At presentation (day 0), all patients reported fever or had a measured fever in the clinic. Other malaria associated signs/symptoms on presentation were weakness (55), headache (45), vomiting (39), diarrhea (32) and nausea (12) . After treatment, eleven patients (9.2%) experienced at least one TESS which was either not present pre-treatment or worsened post-treatment. Nine patients had one TESS and two had two, making a total of thirteen TESS. Four had vomiting, two vertigo, one asthenia, two abdominal pain, one diarrhoea, one pruritus without a rash, and two headache ( Table 2) .
The mean values for haematocrit, WBC, AST, ALT, bilirubin and creatinine on days 0 and 28 are shown in Table 3 . There was no statistical difference between the mean values (P≥0.05)
Discussion
Following the reports and documentation of reduced efficacy of chloroquine and other commonly used mono-therapies in the treatment of uncomplicated malaria, 15 the World Health Organization recommended the use of arteminisin-based combination therapy (ACT) for the treatment of uncomplicated P. falciparum malaria. 4 This included ArtemisininAmodiaquine combination, presenting in different brands.
In this study which aims to assess the efficacy and safety of Camosunate (a brand of AS+AQ) in the treatment of uncomplicated malaria, 83.3% of the subjects were below 13 years of age. This is in agreement with findings in other studies on efficacy and safety of ACTs in the management of malaria. [8] [9] [10] It also <1 year  ---10  10  1-6 years  -2  -58  60  7-13 year  -1  -29  30  >14 years  -2  -18  20  Total  -5  -115  120 ETF, early treatment failure; LTF, late treatment failure. *No malaria parasites were detected in blood film. Table 2 . Treatment emergent signs and symptoms.
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Symptoms
Age group <1 year 1-6 years 7-13 years >14 years underscores the fact that most of the morbidity and mortality of malaria is seen in children. 2 The 100% parasite clearance observed in the blood film of the subjects by day 3 was an indication of the efficacy of the drug combination. The cure rate of 95.8% which was observed by day 28 of follow up corroborates a similar study in India in which 92.42% [real time polymerase chain reaction (PCR) corrected rate was 97.47%] was observed. 18 The positive malaria parasite smears observed in five patients (4.2%) by day 28 could not be labeled as recrudescence or re-infection since genotyping of the parasites was not done due to non-availability of appropriate equipments. Similar observation of late treatment failure was reported in Ghana 12 but higher than the 2.5% finding in India. 16 Treatment was well tolerated as testified by the fact that no case was withdrawn because of severe TESS or adverse drug reaction. There were, however, thirteen TESS experienced by eleven (9.2%) of the study group. This is higher than the finding in India in which 2.5% was reported. 16 Vomiting was the most common TESS observed in this study. This may indicate gastric irritation caused by the study medication. The tolerability of this drug which was proven by no withdrawal from this study may have been due to the enlightenment of the subjects and their mothers or care givers on the known usual side effects of amodiaquine.
Amodiaquine-associated toxicities (hepatitis or severe leucopenia) have been reported in the past when it was used as prophylaxis in travelers. 17 These and other toxic reactions were not observed among the patients in this study as manifested by the absence of statistically significant difference between the mean values of liver AST, ALT and bilirubin, renal creatinine and haematology (haematocrit, WBC total count) on days 0 and 28. However, the number of closely monitored patients was too small to detect rare toxicities. The good compliance, resulting in good treatment outcome in this study could be attributed to the simple dose regimen as recommended by the manufacturers. It is generally accepted that making treatments easier to understand and use by patients or their care givers results in better compliance and that using fixed-dose combinations enhances this. 17, 18 Limitations Microscopy is the gold standard and mainstay for measuring parasitemia. However, it requires considerable expertise, has low sensitivity and is labour intensive. Even with these disadvantages, microscopy was used to detect parasite clearance due to the non-availability of more modern equipments such as real time PCR and delta delta cycle threshold (DDCT) calculation. 19 This did not allow comparison of our results with others in which modern methods were used.
Another limitation imposed on the study was the paucity of drugs and reagents. This influenced the utilization of a sample size not based on power analysis in this pilot study. A larger sample size may have given better results.
Conclusions
Antimalarial medicines have an important role to play in reducing malaria transmission and curtailing the spread of drug resistant parasites. Camosunate provided an efficacious treatment of falciparum malaria in Nigerian patients. It was well tolerated and it exhibited no adverse drug reactions.
